Input from the frontal cortex and the parafascicular nucleus to cholinergic interneurons in the dorsal striatum of the rat.
Evidence derived from many experimental approaches indicates that cholinergic neurons in the dorsal striatum (caudate-putamen) are responsive to excitatory amino acids. Furthermore, evidence from physiological experiments indicate that the excitatory input is derived from the cortex and/or the thalamus. The object of the present experiment was to anatomically test whether cholinergic neurons receive cortical and/or thalamic input in the dorsal striatum using a combined anteograde tracing and immunocytochemical approach at both the light- and electron-microscopic levels. Rats received injections of the anterograde tracers Phaseolus vulgaris-leucoagglutinin or biocytin at multiple sites in the frontal cortex or parafascicular nucleus of the thalamus. Sections of the striatum were stained to reveal the anterogradely transported markers and then immunostained to reveal choline acetyltransferase immunoreactivity. The striata of these animals contained dense networks of anterogradely labelled fibres that were dispersed throughout the neuropil and interspersed with the choline acetyltransferase-immunoreactive (i.e. cholinergic) perikarya and dendrites. The anterogradely labelled fibres were often closely apposed to the choline acetyltransferase-immunoreactive neurons. Examination of electron-microscopic sections failed to demonstrate cortical terminals in synaptic contact with the cholinergic neurons even when choline acetyltransferase-immunoreactive structures were examined that had first been identified in the light microscope as having cortical terminals closely apposed to them. In these cases it was often observed that the cortical terminal, although apposed to the membrane of the labelled neurone, made synaptic contact with an unlabelled spine that was in the vicinity. In contrast to the cortical input, analysis of material that was double-stained to reveal thalamostriatal terminals and choline acetyltransferase-immunoreactive structures, revealed that the thalamostriatal terminals were often in asymmetrical synaptic contact with the perikarya and dendrites of cholinergic neurons. It is concluded that the cholinergic neurons of the dorsal striatum, like those of the ventral striatum or nucleus accumbens [Meredith and Wouterlood (1990) J. comp. Neurol. 296, 204-221] receive very little or no input from the cortex but are under a prominent synaptic control by the thalamostriatal system. Those pharmacological effects of excitatory amino acids on the cholinergic systems of the striatum are therefore presumably related to the thalamostriatal and not the corticostriatal system.